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(57)Abstract: 

PURPOSE: To provide a method and device for 
measuring the concentration of the light absorptive 
substance in a diffusing medium simply and accurately 
using a simple device configuration. 
CONSTITUTION: A light pulse emitted by a light pulse 
source 21 is put incident to a vital organism structure 23 
through an optical fiber 22 and entered into a light 
sapling part 25 through another optical fiber 24. The 
sampling part 25 senses the intensity (f) of each light 
pulse sensed at each trigger signal input timing from a 
delay device 26. The first cumulation part 27 calculates 
the product t.f of the sensed photo-intensity (f) and the 
delay time (t) given by the delay device 26, while the 
second cumulation part 28 cumulates the photo- 
intensity (f). A mean light, path length calculation part 29 
calculates the mean light path length using the 
cumulative results of the product t.f and photo- 
intensity (f). An S02 value calculation part 30 
determines the concentration ratio of VHb02 to VHb 

from the mean light path length obtained, and the S02 value is calculated. A display part 31 
displays the S02 value. 
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D = (£Bb02 . A 2 — £ Bb02 .Al) (£Hb.A3 -EEk.il ) 

— (£Hb.A2 — £ Hb. A I ) (£flb02 .A 3 £ H b 0 2 .Al) (17) 

z<d (i 6) ^&8*^^pfc:>i(igv 8 bD l tjK so ®m{t^#u}f>^VBtt<Dmmt£&$ : &v>j:5iz 
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*it. mmmi& (so 2 



(8) 

* * CO 0 5 0] 

:V B b= { ( £ G b . A S — £flb. A 1 ) A< t >A 2 , A 1 
( £ fl b , A 2 ~ £ Bb. A 1 ) A< t >A S. A 1 } : 

{~ (fsbOX.A S ~£Bb02.A 1 ) A<t>A 
(£Bb02.A2 — £ Bb02. A 1 ) A< t >A 3. A I } 

[0 0 5 1] 



6-343625 



i4 



(18) 



SO2 =Vab02/ (VBb02+V B b) 
HfoT, (18) SC^&V.toi tVHbt©S«it** 
;i<Z)i9gJfc£ (19) ^{d^A-r^CtJCiO, K 

[0 0 5 2] &±0ff^a*ffiV>fc*Xn4>JI 

[0053] gj4n *&m<omi<D2mmz&z>ym 

[0 0 5 4] 9tJVUXXM2 1 Wt**Wje««A 1 <Z>ft 
/t;VX«r-^fflMRi"Cailt-r5 (05 (a) #88) . 

ffl»$nfc*;^xw*7r<^2 2 20 
si:^ntt2 3(ait$n^ ±#ja»2 3Wc*5^ 

A2 4^U £fc«£»fcft1*>:/y >^ffl&2 5 \ZX 

«^ ^ >^»c h u 2 6 ^ta^-r 
mmmm 2 e i*A**nfc h u xmnzmfemmm 

mz&yt/wx zrtizm&mtttbn, yt/vvxa\M 

?-m>>?*&mz t 1, t2, t3, t 4-£3«fc<* 
(0 5 (b) #18!) o 
[0 0 5 5] ytV>7V>if»2 5teS3ES®2 6^£ 

X^Sf 1, f 2, f3, f4-&«fflt5 (05 
(c) #fBS) . il@g@2 6«^lCDm»^2 7 

y > ^sb 2 5 * & s nfc&ffl^&fi f £ simse© 2 

T> t - f Sr^b (tl • f l + t2 • f 2 + 

1 3 • f 3 + 1 4 • f 4-0 , %mmm&¥i$yt&&m 
n&2 9^Mti-rz> (S5 (d) mm> . 120 

flt3¥gB2 8Ki, £«MUK2 3^ST^di$n^/^X 

©a«f *3t-9->^y >^2 5^s>i&D&fr. -ei 
f (f i + f 2 + f 3 + f 4-) , mm** 

¥i%yt&&&%i&2 9^mj]?Z> (0 5 (e) # 
[0 0 5 6] W3KKAfRS9CS2 9 Sgl<£lt3£aB2 50 



- (1 9) 

7*6Aai/fc«t • f OWUS«^J:tfS2<0«lfi:« 

(6) a«cat^ifiT¥*WHW«r»a-rs. £ 

652 9KX/WX3tiR2 i^fl«W»*HMiU */W 

x^2 i ©uifrs^^xojRfi^aEfcs^*. c 

©«*ft(Wfc«fc?K Sfc/WAOD&St&A 2*5<fctfA 3 
tt2in&#»ftA 2 43<£tfA 3 £ov>T<Mra%JM* 
[0 0 5 7] SO2 ffl»B«3 0»Etl5*RftA 1. 

t&*s<z> (is) jtizm-jz. ±mtmkm^omm 
9) ^jc«A^n> iwoso: miMumti*. z. 

OSO2 t»aw83if:^T**SW, 
[0 0 5 8] *^»WtJ:nii 3fc/t;VA*JS2 13^6 

HiM$nT4#a«2 3rtT?mbfc/^7»t £ 
/^;uA*a>A»fi:ia*«kr;A»/t^A*«>*attia 

[0 0 5 9] £/c, ^^ntf>J^(DH2 0^>lg$ 

[0 0 6 0] 4M12 3 fcAWTS/t^X* 

^-r^d<h75r^-e#, *S»ff4 9 7 2 3 3 1 ^tCK^^ 
JHlC*UTKe«)6feLB[U, A#/W*3fc©*fr£* 
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Co o 6 1] &\z*&w<Dm2<z>mmm\zj:z>ytWL%Lm 

*rt»*«*0»K«filCOViT«Wr-5. 06H £ 
«it^O'^0T*O, C^@JCt3^T, 0 7 CD 
CO 0 6 2] #/i;VX3ftI4 1 life^^^A 1 Oft 

/w7,^—&mmmwnm»t^ (07 (a) mm . 

(PMT) 4 5fcA*3n*. */W;*3HK 
4 l^^i±|«-^nfc7t/Vl/X^CCDPMT4 5KA*$ 

nst^ 1 -^oae/t^ic^eaKW 1 MaTKfco 

CO 0 6 3] £©««/WX«*tt:2>X^>h • 7^ 
^^3>-T-<X^U5^ (CFD) ©B4 6ICA 
**tU Jfe^«E»*n*. PMT4 5T*Hl*n5*T 

m^^-r 5 > y a> co^ra 

<5>W^T1, T2, T3, T4-jgW*n& 

/^xi^m^ns (ia7 (b) • a*, h 
0(b) ®jiMrcw3ftfctt&»» *»©*^&*art- 

ntf»en«*tB3fe/^X©^n7r-f^T»0, Alt 

[0 0 6 4] dOCFD|llK4 6C!)ffl*y^XttftBB* 
BE^ft (TAC) @B4 7fc^A&n*. I©T 
AC[§I&4 7 lZ\&£rtArXXM4 l&*>yt/VVX&mM 

4 7H CFDHJ&4 6^ecD^;^^*3<fc^3t^;W 

wi2Kjt«bfcjg«si*^>/^x«*&fflA-r* (07 

(c) #H8) o 

[0 0 6 5] V>7)V8ti£—)VY (S&H) IU2S4 8tt 
T A CHJE&4 7 ©IB*/ Sflfc D £ tf> A;VX<I 
^©hf— *«£«ttfrr*. T^n^-^^&ft (A 
DC) HJS§4 9ttJl©tr-^«&5r^^;Hli^*S|-r 
CO«ttTAC|Hl»4 7©ffl*rS«a/t;^«# 
©4»«Tl-T4lC«a-r*. ^2?£B5 OttCO?^ 
^HgSfflgtb (T 1 +T2+T3 + T4— ) , 

/Wx«*©«M©»*#»* (0 7 (d) m» • 

&tt. «I|[«5 0ttC©«»fc|^»fcTACIsl»4 7)^ 

&ta*$n^*«/vvx«^cD*s*»>>h-r* (07 

(e) . c:n&oa»«ttW«Kfi«flSCB5 5 1 



(9) ^§1^6-3 4 3 6 2 5 

16 

[0 0 6 6] ro*MKJNV 5111 ( 7 ) SMC*^* 

^*ttfijRJf»5 1 tt3tt/WX3tiK4 l^«H|fll4*HS 
*U */tJVX3fc«4 l<&tfJStT*3fc/WX©«A£& 

i0 te£n6&i&AA 2*3j;tf A 3 fcrH>Tfc¥^fl&S£ 
R»T*. SO2 «»ttl«5 2tt2ine»StftA 1. A 

t&s&<z> (is) j£\z&~3^ $Lfcmmihm*<Dmm 
ssv B b©issits*«>s. -eur, n©«ant£ (1 

9) jSKftATSEtlCfc 0, J&IS^c0SO2 tt&£ 

[0 0 6 7] 21C0*2©^«^JC^^T^±iB§ftM«i: 

[0 0 6 8] **98©*3©*lt«fcJ;S3tt«a 

UTRWT*. H8tt^<0»3C5Saft«fc,t:*aWillI^ 

[0 0 6 9] t-HHMT i : S ap p i r e V— If 6 
lttfcT3»3t/^X3K«T*D, Ar + W-+f6 2tf)ffl 
afc<koT»S3n*. &:g7 3 0~8 

6 0 nm<D«6K<Z>M&D5gL7 6 MH z <DV — "tf/WX3K 
30 (/VVXm 2 p S «T> tf^E- FHJBT i : S a p p i 
r e If 6 l^e>dl^$n^o rco/^x^tt5t^r 
-f 3«^UTtm6 4tCAH-dn, K«6 4^S 

hU-^^^76 6tt0Mn5o *fc, Ti :Sa 
PPire U-lf 6 lftt&ttftStLfe/WXXI*. ISW 
6 4^$rfc3K77-f/t6 7^bT68fcfeXhU 

•J-^*/5 6 6tr<koTM»6 4rtJcAlt$n^/t;V 

[0 0 7 0] H^6 4^0 9JC^"r^-rX^~^^^ h 
/X;VX^AIt^^T-YA6 3«^^h6 4(Z) 

6 5tt9* h 640«I»fcRHSnT^S. C 
<D?y b 6 4^tt*>^-;W*»3W»UT*D- 
*-a-l/mi:Ah5nTAn?RS7 

nrv^o coapi?»8 7 1k:h ^x^^7 2H 

iotl^^n, SD^S7 3TiD©^n^:02 ^itXN 
6 4-\(D©A^X4 , C0^^^ (Fi0 2 ) MIS 

5^ n. 7yh6 4^<o«*«ttWH»sn5. 
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18 



[0 0 7 1] ZL<D&otLmwmf$L\Z$>^T. T I : S a 
ppire V— If 6 l&*>yy h6 4^Altbfc/i;i/X 
ft, *5<J;tfXhU-?;*7;*^6 6^a$n^/^« 

©^a7 7^fMi0i ocoy^7ic^$n^o 

:7<D«tttt*Sra [n s] , «Wtt«tfflftaffi [a. u. 
SiLTV^, CKD<h^> 7^ h 6 4 '^/'Ul'XftSrAI* 

<t>ic»*rr*. c©wwawiw<t>fc*acft 

<7> (6) 5fifc»^V>T*fc&n*. 

te, 5y h 6 4^Attt5/m*©*fiS7 4 0-8 

2 0 nm©ift*«SBl'g^^T*fl:S-*TfTofc. * 

2 =£100^ 2 OXfeWl 5XiagftS*Tff-3 

[0 0 7 2] BllU^oagl8*^ty7 7T* 
0, H^7 7C0«fft«A»/^^7t©«g [nm] , « 
m\t*fi$yt&& [cm] ftSl/TVi*. CW^I^ 

(6) scteat-^r, ft>§c<z><i£o. 022cm/ 



D^htt2 0%, DBloyDy Mil 5X©£f?<D»Be 

BICfc^Tte, FIO2 Wk&tfit&<. 77h6 4^CD& 

¥^^Jd^^ t ^ tlt7 7 h 6 4 ©Ifflft 

SI 2cD^^^lr7R^n^Hb^<ttKHb02 £>&ft© 
iR;/n:7r-f SLTViS, :?£D, 01 l*5£tf 

BSS&fc^ ^ntf>HblCci;^ T AIJ/VP A ft*** # < 
ft©jR$n, Hbox^^ h;^««w«nTv>5. 

[0 0 7 3] 21(Z>T^36»*©«S»** (18) j£\Z 
ftA-r*££fcJ:D* Hbfc^tfHbO* osteite* 
£0, £<Z>iS3?Jt£ (1 9) ^^^T^^^dchlCci: 
0, 77 hPfflrt<z>JlaraK*fflfPg (SO, ) fimmz 

O^D7 hT^tl^^^^WcS02 <t£ 
^l/TV^o P^n^M*, ft^7 4 0, 7 5 5*3<fc 
20 1X8 0 0 nm(D#A^X7tl:^t5lt^-C* 
£>. 

[0 0 7 4] 

[^2] 





Fi0 2 [%] 


*fctt**C<t>[nm] 




740 


755 


800 


O 


1 00 


9 . 1 


8 . 7 


8 . 8 


75 


A 


20 


8 . 6 


8. 1 


8 . 7 


54 


□ 


1 5 


8 . 5 


8.0 


9 . 1 


39 



[0075] ±m&t>mmztiz>&?\z. g-mzntzs 

02 tett«AR*«K (Fio 2 ) 

t*5D, Fio 2 f)m<uz>\zz>nxsc>7 i«fiTb 
[0076] z<Dm3<ommmz&\,*xh±&&$mM 

[0 0 7 7] 

[fE«8<z>8im] K±ttMUfcJ:5K:**WfcJ:ntf^ ft 40 
[0 0 7 8] W^*tsn*!B0M*K«51©/t 

y^^^^>KHEg^ma^rtic#«bT^Tfe. z. 
(7>;\* y9>fyv> Ymm \z &z?&mi<D§m*&rt% z. 
<hteftu>. ^t, fta«H©a!Hfc^**6'S'j£i^ 
mz^xm&m&^ff^. so 



[0 0 7 9] WLfLMW\ZAMTZ>yt\*. ftftttffl 

mmmmmzft-DTEmzfttt. 

ma **w©*5&K3£RW'r ftafts 
^AW*r */t;uxft<z> :/n 77-f >PXtttftc ci <z>/ wa 
3t^»ai«wftT5efta*J:tf*»iKLT*a«n*^ 

[02] sMBWfcSs^r* ¥^ft&^£&^^-c3;3t 
wr*m\z* &myt7ayy<i)VYW>'7v>if2n 

Y*7frt?fyyX$>Z>o 

[0 4] **M(0*i©*««K:«fc**a«lJ->^ r U> 
[05] i 1 (0i«Mi:i:^3IS^>^ , J >^8@& 
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[0 6] *^g^om2co^JS0llJCJ:^3^^>^»J> 
[0 7] m2^^J(Cci:^^Sl^>yu>yS©^ 

[0 9] S3 0^1lftll:ffiV^n5Kfi«!:lt07y h 
[010] ^3CD^SS^^^SA»/^U^^^^ 
[011] »3G>*JM9fc*;HT, 7yh^Mt§K 



J0 



[012] KSS^^D If >H b ^ itfffi^^E 

[01 3] t£*<7>*»aJK»rtK3t«?K©8Sffi!I^te© 

2 1»Wxm 2 2, 2 4-«77</t, 2 3- 

2 7-SlCDam 2 8-»2 0>ttff«. 2 9-W 
3 0-SOi ttJUML 3 1-8^9. 



[01] 



[02] 



(o) 




Time (ns) 




i UiUtl 



.'. 't, t 



[03] 




29 



^8 



7 



S0 2 *tii$ —50 



* 7K ai 



-31 



\ 



+q 



m 
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(12) 



^§l¥6-3 4 3 6 2 5 



[05] 



(b) Ig«l^fl» 



(c) ftaar 



(d) sn©«*« 

(e) *2<d«*« 



il 1L.J1 1L_A 



-J 



tl-fl 
fl 



El 



t|*fl + t2"f2 
tvffe 



Jl 



La* 



ftnf. 



a 



in 



|t»f. 

if. 



Ar^-tf 



I 



4- 
i 

! 
■ 

v- 

i 



TUSopplreu-tf ]T ^ 



63 

in 67 




»>5 



i 



^61 
-64 



—65 



[010] 




[09] 



Oz Nz 
i 



L 



tizMG® —72 



to g S | —73 ^ 



AIW« —71 




—180— 



(13) 



-343625 



(a) #A'/wa 

(b) CFDHJ* 

(c) TACtta 

(d) 10 
Ce) 



B7'] 



LjLjLjLJ 



is. 



Ti 
1 



/V 



T, 
1 



T1+T2 
2 



JTfc 



3 

£ Tn 



3J 



ill- 



il 13 



imi 2] 



5 8.5 




740 760 780 BOO B20 

Wavelength (nm) 
[13 1 3] 
#AI*(CW) 



'e 0.4 



;o.2 





1 .' 1 


v Hb 












HbOz^-^ 




1 . 1 . I 1 


1 . 1 



900 



Wavelength (nm) 



^403-41 ^ 9*^—^ 2 — B 
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